Programmed cell death or apoptosis is an evolutionarily conserved process which is essential for the maintenance of tissue homeostasis. Recent studies have indicated a role for apoptosis in a variety of human diseases. Hence, dysregulation of apoptosis has been implicated in, for instance, systemic and organ-specific autoimmune disease, acquired immune deficiency syndrome, neurodegenerative disorders, atherosclerosis and cancer. This presentation serves as an overview of pathological conditions, which are associated with defective or inadvertent apoptosis, with examples of disorders in which putative apoptosis defects have been elucidated at the molecular level. A critical assessment of apoptosis as a target for therapeutic intervention is also provided.
While the role of programmed cell death in embryogenesis had been established earlier [1, 2] , naturally occurring cell death did not receive widespread recognition until the publication of the seminal paper on apoptosis by Kerr et al. [3] . These authors highlighted the significance of controlled cell deletion and described the morphological features of this phenomenon, which they proposed plays a 'complementary but opposite role to mitosis in the regulation of animal cell populations'. The importance of their study lies not only in the detailed morphological description of apoptosis (a term derived from the Greek word describing the falling off of petals from a flower or leaves from a tree), but also in the recognition of natural cell death as a widespread phenomenon not restricted to embryogenesis. An important corollary is that apoptosis is a genetically regulated process and as such may be amenable to therapeutic intervention. 
The Morphology of Cell Death
Apoptosis occurs in a programmed sequence of morphological events [4] . The cell first undergoes nuclear and cytoplasmic condensation with blebbing of the plasma membrane. Eventually, the cell breaks up into membrane-bound fragments, termed apoptotic bodies, containing structurally intact organelles as well as portions of the nucleus. Subsequently, the apoptotic bodies are recognized, ingested and degraded by neighboring cells. Since apoptosis typically does not induce bystander cell death, it is normally not associated with inflammation. Necrosis, on the other hand, is a mode of cell death characterized by irreversible swelling of the cytoplasm and organelles, including the mitochondria. Eventually there is loss of membrane integrity resulting in cell lysis and release of noxious cellular constituents. Typically, a number of contiguous cells are affected, and exudative inflammation develops in the surrounding tissue. Necrosis occurs when cells are subjected to lethal insults, such as hyperthermia, hypoxia, ischemia, complement attack, metabolic poisons and direct cell trauma [4] . Moreover, under some pathological conditions both types of cell death, i.e. necrosis and apoptosis, may occur. For instance, ischemic damage is frequently characterized by a core of acutely damaged necrotic cells and a penumbra of cells which undergo delayed apoptotic death [5] . The 'decision' of the cell to die by necrosis or apoptosis is thought to depend largely on the severity of the insult.
The Apoptosis Program and Its Regulation
Research on apoptosis has increased dramatically in recent years, due largely to the realization that apoptosis is an inherently gene-regulated process, whose core components have been conserved through evolution. The strongest evidence for an intrinsic death program comes from genetic studies in the nematode Caenorhabditis elegans [6] . During the postembryonic development of C. elegans, 131 of the 1,090 cells die in every nematode. Loss-of-function mutations in two genes, ced-3 and ced-4, and gain-of-function mutations in a third gene, ced-9 (ced = cell death abnormal), were found to prevent all of these 131 naturally occurring deaths. The subsequent isolation and molecular characterization of these nematode 'killer' genes revealed that ced-3, ced-4 and ced-9 all have mammalian counterparts known to be involved in apoptosis. Hence, ced-3 is highly homologous to the human interleukin-1·-converting enzyme (or caspase 1), while ced-9 was shown to be a functional homologue of the human antiapoptotic protein Bcl-2. More recently, apoptotic protease-activating factor 1 has been demonstrated to be a human homologue of ced-4 [7] . Collectively, these findings have underscored the remarkable degree of conservation of the cell death pathway from nematodes to humans and are suggestive of the existence of a core death program in all cells.
A detailed account of the apoptosis signaling pathways employed in mammalian cells is beyond the scope of this presentation and has been subject to excellent reviews elsewhere [8] . However, it is important to note that the cysteine proteases known as caspases, now comprising a family of 14 mammalian members, have emerged as the central executioners of apoptosis activated by a variety of apoptotic stimuli. Moreover, in addition to their role in energy production, mitochondria have been shown to be critically involved in apoptosis signaling in numerous systems by releasing apoptogenic factors, including the recently characterized apoptosis-inducing factor, cytochrome c and several procaspases [9] . The plasma membrane receptor designated Fas (also known as APO-1 or CD95) has emerged as a key regulator of apoptosis within the immune system [10] . Fas-mediated apoptosis proceeds via a caspase-dependent pathway, with mitochondria serving in some cases to amplify the initial death signal. Apoptosis mediated through 'death receptors', such as Fas, or directly via mitochondria is regulated, in turn, by the pro-and antiapoptotic members of the rapidly expanding Bcl-2 family, which includes several human homologues of the recently characterized C. elegans death activator egl-1 [6, 11] . Finally, the recognition and engulfment of apoptotic cells by neighboring phagocytes is an important part of the apoptotic process [12] . Indeed, apoptosis can be viewed essentially as a convenient cell clearance mechanism. Numerous candidate receptors and ligands have been identified, which regulate phagocytosis of apoptotic cells in mammalian systems [13] . In addition, genes regulating the clearance of dead cells in C. elegans have also been characterized and have in some cases proven to be homologues of known mammalian genes [6] .
Dysregulation of Apoptosis in Human Disease
In every human being about a hundred thousand cells are produced every second by mitosis, and a similar number of cells die by apoptosis [8] . It is therefore of critical importance that these events be tightly regulated. Consequently, malfunction of the death program intrinsic to every cell may play a role in various diseases, with essentially too little or too much apoptosis leading to proliferative or degenerative diseases, respectively (table 1). In the following sections some illustrative examples of diseases where apoptosis dysregulation has been implicated are highlighted, together with a brief discussion of potential apoptosis-modulating therapeutic strategies now at hand.
Autoimmune Disease
The activation of T lymphocytes is known to lead to the concomitant upregulation of Fas and Fas ligand and to the susceptibility of these cells to Fas-mediated killing. Such activation-induced cell death is essentially a mechanism for 'switching off' the immune response, and there is now experimental evidence that accelerated induction of apoptosis in T lymphocytes can limit autoantigen-driven immune responses [14] . These observations thus offer the basis for novel strategies in the treatment of autoimmune disease. The importance of Fas and its corresponding ligand in the homeostatic regulation of immune responses was underscored by the abnormalities observed in mice homozygous for the lpr (lymphoproliferation) and gld (generalized lymphoproliferative disorder) loci [10] . As a result of mutations in the Fas and Fas ligand gene, respectively, these mice develop autoimmune disease, apparently due to the lack of apoptotic deletion of autoreactive lymphocytes. A syndrome has recently been described in humans which closely resembles the murine phenotype, with progressive lymphoproliferation associated with autoimmunity and large numbers of 'double-negative' T lymphocytes in the peripheral lymphoid system. Studies of these children, commonly grouped into a single entity designated autoimmune lymphoproliferative syndrome (ALPS), revealed profound defects in lymphocyte apoptosis associated with mutations in Fas [15, 16] . Subsequently, individuals with a related, though more severe, phenotype were described [17] . This syndrome, termed ALPS type II, is characterized by defective lymphocyte and dendritic cell apoptosis, yet with no molecular abnormalities in Fas or Fas ligand. Instead, these patients displayed mutations in caspase 10 resulting in impaired Fas-mediated apoptosis in lymphocytes as well as defective killing induced by TNF-related apoptosis-inducing ligand in both lymphocytes and dendritic cells. Interestingly, cells obtained from children afflicted with the related, yet fatal immunological disorder termed familial hemophagocytic lymphohistiocytosis displayed an intact Fas-mediated apoptotic response with concomitant activation of caspases [18] . However, mutations were subsequently identified in the gene encoding perforin, an important effector molecule of natural killer and cytotoxic T cells, suggesting that familial hemophagocytic lymphohistiocytosis is caused by defective triggering of apoptosis within the immune system [19] . Organ-specific diseases are characterized by a T-lymphocyte-mediated attack on spe-cific cell types, including the ß-cells of the islets of Langerhans in insulin-dependent diabetes mellitus (IDDM), oligodendrocytes in the brain in multiple sclerosis and thyrocytes in Hashimoto's thyroiditis. Recent data have implicated the Fas/Fas ligand system in the destructive phase of these autoimmune disorders [20] . Much of what is known about the pathogenesis of IDDM comes from studies of the nonobese diabetic (NOD) mouse. Itoh et al. [21] showed that NOD mice bearing the lpr mutation were protected from the development of diabetes, and adoptive transfer of splenocytes from diabetic NOD mice to these animals also failed to induce disease, suggesting that the Fas/Fas ligand system plays a key effector role in the pathogenesis of IDDM. Calcium is one of the most versatile and universale signaling molecules in the body and can function as either a trigger or inhibitor of apoptosis [22] . We have previously shown that specific calcium channel blockers prevent apoptosis in pancreatic ß-cells treated with serum from IDDM patients [23] . Similarly, Srinivasan et al. [24] have reported that serum from diabetic patients with neuropathy induces calcium-dependent neuronal apoptosis. Moreover, high glucose concentrations induce apoptosis in ß-cells, which is dependent on intracellular calcium [25] . Collectively, these findings suggest a role for apoptosis in the destruction of insulin-producing ß-cells evidenced in diabetes patients.
Neurodegenerative Disease
In the vertebrate central nervous system, a large proportion of neurons die before embryonic development is complete. Only those neurons receiving enough neurotrophic support from their target cells will survive, and the rest are believed to be deleted by the process of apoptosis. It has become apparent that excessive or inadvertent apoptosis also occurs in various neuropathological conditions [26] . Particular interest has been devoted to the role of caspase in the pathogenesis of chronic neurodegenerative conditions such as Alzheimer's disease and Huntington's disease, although a role for caspases in acute traumatic [27] and ischemic neuronal damage (discussed below) has also been suggested. The importance of caspases in neuronal apoptosis has been further underscored by the restricted phenotype of caspase 3 and caspase 9 knockout animals, which displayed profound abnormalities in neural tissues despite a normal development of other organs including the lung, liver and thymus [28] . Of interest, the Huntington's disease gene product, huntingtin, was shown to be a substrate for caspase 3 [29] . Hence, caspase activation may play a role in this progressive neurodegenerative condition, although it is presently unknown in which way the fragments liberated by caspase cleavage are linked to the selective loss of neuronal populations. However, if a relationship between neurotoxicity and caspase-mediated cleavage events can be formally demonstrated, then the administration of caspase inhibitors may, theoretically, serve to prevent or delay cell death in these patients [5] .
Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease that occurs in both sporadic and familial forms, some of which display mutations in the gene encoding the cytosolic Cu/Zn superoxide dismutase gene [30, 31] . Transgenic mice have been generated which express human familial ALSassociated mutant superoxide dismutase, and these animals were shown to develop a motor neuron degenerative syndrome that closely resembles ALS. Interestingly, evidence for a functional role for caspase 1 and caspase 3 in presymptomatic and end-stage ALS mice has recently been demonstrated, and intracerebral administration of peptide-based caspase inhibitors was found to delay disease onset and mortality [32] . Finally, a promising cas-Fadeel/Orrenius/Zhivotovsky pase-based approach for the amelioration of nigral tissue transplant survival has recently been reported [33] . In this study, which may have important implications for the treatment of Parkinson's disease, caspase inhibitors were shown to reduce apoptosis in embryonic nigral cell suspensions and to improve the survival of dopaminergic neurons grafted to hemiparkinsonian rats, thereby improving functional recovery in these animals.
Infectious Diseases
Apoptosis of an infected cell may be viewed as a defense mechanism to prevent viral propagation, with the typical DNA fragmentation associated with apoptotic death thus serving to eliminate viral DNA sequences which have been incorporated into the cellular genome. Cytotoxic T cells also act to prevent viral spread by recognizing and killing virally infected cells by apoptosis. To circumvent these host defenses, many viruses have evolved specific strategies to inhibit apoptosis. For example, establishment of an effective adenoviral infection depends on the function of the E1B 19K protein, a viral homologue of the antiapoptotic protein Bcl-2 [34] . Another adenovirus protein, termed RID (receptor internalization and degradation), mediates internalization and subsequent lysosomal destruction of cell surface Fas, which may allow cells to resist Fasmediated death and thus promote the survival of the virus [35] . The inhibitor of apoptosis proteins (IAPs) found in baculoviruses can inhibit apoptosis in response to a wide variety of stimuli, and cellular IAPs have subsequently been identified that are believed to act as direct inhibitors of caspases. Numerous herpesviruses contain FLIPs (FLICE-inhibitory proteins) which possess sequences that interact with the Fas-associated adaptor protein, FADD [36] . This FLIP-FADD interaction is thought to inhibit signaling events induced upon ligation of Fas or the TNF receptor by their respective ligands. However, other viruses trigger apoptosis and/or cell lysis, perhaps for the purpose of facilitating viral release towards the end of the viral replicative cycle, and thereby succeed to promote viral infectivity and pathogenesis. An illustrative example is provided by recent studies in victims of Ebola virus infection, in which fatal outcome in patients was associated with massive intravascular apoptosis [37] .
An increasing number of bacteria have been identified as triggers of apoptosis. For example, macrophages undergo apoptosis upon infection with Salmonella typhimurium, Shigella flexneri and Yersinia pseudotuberculosis. It has been speculated that the induction of macrophage death may be important to initiate infection, promote bacterial survival and escape from host immune responses. Recent data indicate that IpaB, a bacterial invasin of S. flexneri, induces apoptosis by binding directly to caspase 1, a component of the macrophage apoptosis machinery [38] . Since caspase 1 is also a proinflammatory molecule, this binding may serve also to initiate inflammation. These findings raise the possibility of modulating the interaction between IpaB and caspase 1 as a target in both therapy and vaccine development. Moreover, it has been reported recently that the obligate intracellular bacterial pathogen Chlamydia trachomatis, a leading cause of many sexually transmitted diseases, possesses a novel antiapoptosis mechanism, namely the blockade of mitochondrial cytochrome c release and subsequent caspase activation [39] . Again, the elucidation of specific molecular targets of invading microbial agents may allow for more selective therapy of these diseases.
Cancer
Apoptosis and proliferation may be viewed as terms of the 'growth equation' and too much growth, as in the case of cancer development, may result from too little death as well as from too much proliferation. Moreover, if cancer arises due to mutations that lead to the dysregulation of normal apoptotic death, then antineoplastic therapies designed to circumvent these intrinsic defects and specifically trigger apoptosis should prove beneficial. Wyllie et al. [40] showed that cells which overexpress normal ras or myc proto-oncogenes induce tumors with high rates of both apoptosis and mitosis. However, cells that expressed the mutated, oncogenic form of the ras gene induced tumors with large numbers of mitotic cells, but few apoptotic cells. Depending on the availability of critical growth factors expression of c-myc itself does not induce apoptosis, but rather acts to sensitize cells to a wide range of distinct insults, such as serum or growth factor deprivation.
Vaux et al. [42] found that bcl-2, the translocation of which results in the progression of high-grade lymphomas, extends pre-B cell survival and that it cooperates with the myc oncogene to immortalize lymphocyte precursors. Additional studies revealed that Bcl-2 contributes to tumorigenesis by extending cell survival through direct inhibition of apoptosis [43] . Pathological elevations in the levels of one or more apoptosis-suppressing proteins of the Bcl-2 family have since been observed in several types of cancer. A decreased expression of Bax and Bak, proapoptotic members of the Bcl-2 family, has also been reported in several human cancers [44] , and experiments with knockout animals have clearly demonstrated the ability of Bax to function as a tumor suppressor in vivo [45] . In addition to transcriptional regulation of Bcl-2 family members, these molecules are also subject to posttranscriptional regulation, including phosphorylation and caspase-mediated cleavage, which may alter the sensitivity of cancer cells to therapy [11] .
Mutations in p53 are the most common chromosomal aberrations in human cancer. The role of apoptosis in malignant disease was underscored by the observation that p53 can induce apoptosis [46] and that p53-dependent apoptosis can serve as a critical regulator of tumorigenesis [47] . Activation of p53 by DNA-damaging agents is critical for eliminating cells with damaged genomic DNA and underlies the apoptotic response of human cancers treated with ionizing radiation and DNA-damaging drugs. When cells suffer DNA damage, the p53 protein accumulates due to posttranslational stabilization and blocks entry into the S phase. This transient delay at the G 1 checkpoint in the cell cycle permits repair of damaged DNA prior to DNA replication. However, if DNA repair fails, p53 may trigger apoptosis. The expression of the p21 waf-1 gene is directly induced by p53, and the waf-1 protein has been implicated as an important effector of p53-mediated growth arrest [47] . p53 is also known to upregulate the expression of the bax gene, thereby altering the apoptotic 'rheostat' of the cell, i.e. the ratio of Bcl-2-toBax heterodimer formation [48] . Another candidate effector molecule is the cell surface receptor Fas, which is transcriptionally upregulated by p53 [49] .
The observation that antineoplastic drugs may trigger apoptotic cell death was first reported by Searle et al. [50] yet has remained neglected until recently. Today, we know that a wide variety of chemotherapeutic agents induce apoptosis in tumor cell line in vitro. Conversely, resistance against chemotherapy may conceivably arise due to mutations in components of the apoptotic machinery. For instance, a number of recent reports have described the occurrence of Fas mutations in various malignancies. The Fas system may also play a role in the escape of tumor cells from immune surveillance. Hence, high constitutive Fas ligand expression has been demonstrated in different tumors, and it was suggested that such tumors may eliminate activated Fas-expressing lymphocytes by induction of apoptosis [51] . In addition, a novel Fas ligand decoy, DcR3 (decoy receptor 3) has recently been identified and suggested to enable tumor cells to evade surveillance by Fas-ligand-expressing cytotoxic lymphocytes [52] . In a sense, the tumor can be viewed as an immune-privileged site (discussed below). Indeed, the combination of Fas resistance, due either to Fas mutations or secretion of decoy receptors, coupled with the ability of tumor cells to express Fas ligand effectively enables a 'counter-attack' against the host immune system [51] .
Atherosclerosis and Stroke
Atherosclerosis is characterized by thickening of the arterial intima, leading ultimately to thrombosis and organ infarction. Several cell types present in atherosclerotic lesions, including endothelial cells, smooth muscle cells and macrophages, are known to undergo apoptosis with varying outcome. For instance, apoptotic death of endothelial cells has been suggested to be an initial step in the development of atherosclerosis [53] . This hypothesis is supported by the observation that proatherosclerotic factors such as angiotensin II, oxidized low-density lipoprotein, reactive oxygen species and inflammatory cytokines all induce apoptosis in endothelial cells, whereas known protective factors such as estrogen and nitric oxide prevent apoptosis in these cells.
Loss of smooth muscle cells in vulnerable regions of an atherosclerotic plaque may jeopardize the integrity and stability of the plaque. Importantly, apoptosis of vascular smooth muscle cells has been demonstrated in atherosclerotic plaques [54] . We found that human aortic smooth muscle cells treated with 25-hydroxycholesterol, an oxidation product of cholesterol, undergo apoptosis with activation of caspase 3 [55] . Apoptosis was potentiated by TNF and IFN-·, suggesting that the effects of lipid oxidation products on cells in atherosclerotic lesions may be modulated by inflammatory cytokines present in the microenvironment. Furthermore, apoptosis was inhibited by the calcium channel blockers verapamil and nifedipine, thus serving to underscore the role of calcium as a second messenger in apoptosis signaling.
Neuronal death in stroke has previously been attributed to necrosis. However, recent studies have indicated that apoptosis may also contribute to neuronal demise in oxygen-deprived brains [26] . Moreover, several studies conducted in animal models have implicated caspase activation in neuronal cell death after stroke. Thus, systemic or intraventricular injection of a pan-caspase inhibitor, or a caspase-3-selective inhibitor, afforded neuroprotection in animal models of neonatal hypoxiaischemia [56] and focal ischemic infarction [57] . Caspase 3 activity was also shown to increase after experimental cerebral ischemia in rodents [58] and overexpression of X-chromosome-linked IAP prevented the activation of caspase 3 under these conditions, thus allowing neurons to survive after the ischemic insult [59] . Furthermore, a breach in the mitochondrial barrier and the release of mitochondrial caspase 9 was demonstrated in an animal model of cerebral ischemia, suggesting that mitochondrial events may be critical in postischemic neuronal damage [60] . Taken together, pharmacological suppression of apoptosis may prove particularly useful in acute disease processes such as stroke.
Transplantation
Graft rejection is a potential threat in all cases of tissue transplantation. However, there are certain immune-privileged sites in the body, such as the testis and the anterior chamber of the eye, where allogeneic or xenogeneic tissue grafts enjoy prolonged survival relative to other areas. While immune privilege was originally perceived as a passive process relying on physical barriers and isolation, recent data support the view of immune privilege as an active phenomenon. Specifically, a number of studies have indicated a role for Fas in maintaining the immune-privileged state and implicated the Fas system in both the regulation of physiological cell turnover and the protection of particular tissues against lymphocyte-mediated damage [61] . While some of these findings have been disputed by other investigators [62] , they nevertheless provide a rationale for the manipulation of the local environment of a graft in a highly site-and immune-specific manner and could represent the beginning of a new era in transplantation immunology.
Apoptosis as a Therapeutic Target
While evidence for the involvement of dysregulation of apoptosis appears readily forthcoming in some cases (for instance, defective apoptosis in ALPS due to inherited Fas mutations), in other cases such evidence is only circumstantial and often based on crude methods of apoptosis detection in post mortem clinical specimens. The mere presence of DNA fragmentation in such specimens does not necessarily indicate apoptosis. Indeed, while caspase activation may be viewed as an integral feature of apoptotic cell death [63] even the detection of activated caspases, or cleavage of typical caspase substrates, may not suffice to label cells as 'apoptotic'. Therefore, great care should be taken to assess apoptosis by both morphological and biochemical criteria, and attempts should also be made to devise improved methods for the detection of apoptosis in vivo and in fixed pathological specimens.
The view that disease can result from the dysregulation of active cellular suicide mechanisms represents a novel paradigm in medicine. A critical question, however, is whether the labeling of dead cells as 'apoptotic' has added to our understanding of disease processes. Indeed, to establish that apoptosis occurs (or is lacking) in a particular disease does not mean to say that apoptosis defects are directly implicated in the pathogenesis of the condition and therefore a legitimate target for therapeutic intervention. For instance, it could be argued that the primary cause of T cell depletion in AIDS is not apoptosis per se but rather the inability of lymphopoiesis to replace the CD4+ T cells lost prematurely because of the infection with HIV [64] . In this case, the enhanced rate of T cell apoptosis in cells obtained from HIV-infected persons may merely be reflective of chronic immune activation in these individuals, rather than being involved in the pathogenesis of the disease itself. Similarly, the findings that cells from patients with Niemann-Pick disease are resistant to radiation-induced apoptosis due to an inherited deficiency in acid sphingomyelinase activity [65] does not necessarily imply that these aberrations are associated with the development or progression of the disease. Therefore, the present challenge lies in the identification of those conditions in which dysregulation of apoptosis plays a causal role.
An important question is how to suppress apoptotic processes for therapeutic benefit, while maintaining an adequate degree of apoptosis in unaffected 'bystander' tissues. Indiscriminate inhibition of apoptosis could lead to the survival of genetically damaged cells which could pose a threat to the organism, whereas inappropriate promotion of apoptosis might lead to undesirable tissue degeneration. Nevertheless, one may envisage a number of apoptosis-regulating therapies ( fig. 1 ), which could be utilized alone or in conjunction with conventional treatments, including gene therapy to induce enforced ag- gregation and activation of caspases [66] or to reconstitute p53. The first clinical results of p53 reconstitution by gene therapy were reported by Roth et al. [67] who obtained tumor regression in 3 patients and tumor stabilization in 3 others out of 9 individuals with nonsmall-cell lung cancer with p53 mutations. Utilizing adenoviral vectors as an alternative delivery system, Bischoff et al. [68] were able to induce complete regression in 60% of implanted tumors in nude mice bearing human cervical carcinoma tumors. These authors used an E1B-55-kD-deficient adenovirus which is only able to replicate in and kill p53-deficient cells, and these results therefore demonstrate the feasibility of using antitumor agents that kill only p53-deficient tumor cells, leaving normal cells unaffected. Future work should aim at the design of additional therapies targeted selectively against components of the apoptosis pathway in diseased tissues.
Another important question to consider is whether cells rescued from apoptosis are functional or whether they are simply 'undead' or anergic and, as a result of inadequate expression of recognition signals, not readily available for phagocytic clearance. In other words, rescuing a cell from death may not necessarily be equal to preserving its function. Indeed, it has recently been reported that in cells, which received signals via the Fas receptor in the presence of caspase inhibitors, the phenotype of death was merely switched from apoptosis to necrosis [69] . Similarly, in cells overexpressing Bcl-2, cell death induced by oxidized low-density lipoproteins shifted from apoptosis to necrosis [70] . It is also conceivable that apoptosis is so far down the sequence of irre-versible and irreparable changes in some diseases that blocking this process may not halt the progression of the disease itself. However, a recent study in the fruitfly indicates that suppression of apoptosis may, in fact, constitute a viable therapeutic approach. Davidson and Steller [71] employed a Drosophila model of retinitis pigmentosa and showed that the retinal degeneration due to mutations in either rhodopsin or a rhodopsin phosphatase gene occurred by apoptosis and could be blocked by caspase inhibitors with subsequent restoration of visual function in otherwise blind flies. Further proof of the principle that the suppression of apoptosis can result in improved cellular function was provided by Jilka et al. [72] , who demonstrated that the increased bone mass caused by administration of parathyroid hormone is due, at least in part, to the salvage of osteoblasts by the prevention of apoptosis. Therefore, we remain confident that apoptosis-modulating strategies will be incorporated into our future therapeutic arsenal.
